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DESCRIPTION 



JOINING STRUCTURE 

Technical Field \ 

The present invention reTates to a joining structure 
constructed by attaching one or more tabular members, 
such as reinforcing ribs, etc. or anchor bolts, to a 
structural member which takes various forms. 

Background Art 

A joining structure, as shown in Fig. 22 or 23, has 
been conventionally used for a join, for instance, 
between a steel base structure and a foundation. The 
conventional joining structure is formed by welding a 
bolt connection base plate 11 to an end of a structural 
member 10 and reinforcing the joining structure with 
reinforcing ribs 12 attached between the structural 
member 10 and the base plate 11. The reinforcing ribs 12 
are tabular members extending in the direction of the 
principal stress of the structural member 10 and are 
attached to protrude from the surface of the structural 
member 10 in the shape of a T. 

In a conventional joining structure as described 
above, however, there is a problem that, when a bending 
moment is applied on the structural member 10, a large 
out-of-plane bending stress concentrates at the portions 
of the structural member 10 near the toes of the 
reinforcing ribs 12 and, as a consequence, the 
performance of the structure is deteriorated. Another 
problem is that, when the reinforcing ribs 12 are welded 
to the structural member 10, structural defects are 
likely to occur in the boxing welding portions at the 
upper ends of the reinforcing ribs 12 as a result of the 
combined effects of the residual stress caused by welding 
heat and the material degradation of the heat affected 
zones at the weld toes, causing the proof stress and the 
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fatigue property to deteriorate. Those problems are 
common to many types of joining structures in which 
reinforcing ribs 12 are welded to structural members 10 
in the form of T- joints and, in view of this, the 
5 Japanese Society of Steel Construction points out, in 

"Guideline for Fatigue Design of Steel Structures and Its 
Interpretation", that a join in which a gusset is welded 
by fillet welding or groove welding adversely affects the 
proof stress and fatigue property of a steel member and, 
10 therefore, attention has to be paid to this in the design 
of structures. 



Disclosure of the Invention 



O 

O The present invention provides a joining structure 



15 composed of a structural member and one or more tabular 
yj members, or a structural member and anchor bolts, which 

joining structure can: solve the above-mentioned 

1x1 

J" conventional problems; significantly alleviate the stress 

Q concentration at the toes of the tabular members such as 

m 20 the reinforcing ribs, etc.; greatly alleviate the 

W residual stress caused by welding heat in the case of 

p welding the tabular members; and, as a result, 

significantly improve the proof stress and the fatigue 
property compared with a conventional joining structure. 
25 More specifically, the present invention is a 

joining structure having one or more tabular members 
protruding from the surface of a structural member and is 
characterized by bending one or both ends of each tabular 
member. Note that the above expression "one or both ends 
30 of each tabular member" means one or both end portions of 

each tabular member where the tabular member contacts 
with a structural member which is a base material. 
Further, in the present invention, it is preferable that 
the joining structure is a structure wherein a tabular 
35 member is a reinforcing rib protruding from the surface 
of a structural member in the shape of T so that the 
tabular member extends in the direction of the principal 
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stress of the structural member and one or both ends of 
the reinforcing rib is/are bent in a direction deviating 
from the direction of said principal stress. 

It has to be noted that it is preferable that one or 
5 both ends of a tabular member is/are bent in the shape of 
an gradual curve and to the extent that each bent end of 
the tabular member is formed at a right angle to the 
direction of the principal stress. Only one or both ends 
of a tabular member may be bent, or the whole body 
10 thereof may be bent in the shape of U or V. 

The structural member may have a coupling flange or 
a base plate. In that case, a tabular member may be 
p placed between the structural member and the coupling 

p flange or between the structural member and the base 

^ 15 plate, or otherwise may be used for fixing a join member, 

Ly or yet may be used for fixing a secondary member. 

^ Further, the present invention is applicable also to 

W 

« a type of joining structure wherein anchor bolts 

O extending in the direction of the principal stress of a 

ru 

py 2 0 structural member are welded to the surface of the 

yl structural member and an end of each anchor bolt is bent 

jy in a direction deviating from the direction of the 

principal stress. 

As described above, in the present invention, the 
2 5 rigidity at one or both ends of a tabular member 

decreases by bending the end(s) (toe(s)) of the tabular 
member such as a reinforcing rib, etc., preferably, in a 
direction deviating from the direction of the principal 
stress of a structural member. As a result, when a load 
30 is applied on the structural member, the stress 

concentration near the end(s) of the tabular member is 
significantly alleviated, and, when the tabular member is 
welded, the residual stress caused by welding heat near 
the end(s) of the tabular member is significantly 
35 alleviated as well. By this, the proof stress and the 

fatigue property of the joining structure is largely 
improved compared with a conventional joining structure. 



Specific numerical values are explained later. 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing a first 
embodiment of the present invention. 

Fig. 2 is a perspective view showing a second 
embodiment of the present invention. 

Fig. 3 is a perspective view showing a third 
embodiment of the present invention. 

Fig. 4 is a stress concentration chart obtained 
through a finite element (FEM) analysis of the joint 
structure according to the second embodiment. 

Fig. 5 is a stress concentration contour of a 
conventional joining structure having tabular reinforcing 
ribs . 

Fig. 6 is a perspective view showing a fourth 
embodiment of the present invention. 

Fig. 7 is a perspective view showing a fifth 
embodiment of the present invention. 

Fig. 8 is a perspective view showing a sixth 
embodiment of the present invention. 

Fig. 9 is a perspective view showing a seventh 
embodiment of the present invention. 

Fig. 10 is a perspective view showing an eighth 
embodiment of the present invention. 

Fig. 11 is a perspective view showing a ninth 
embodiment of the present invention. 

Fig. 12 is a perspective view showing a conventional 
joining structure corresponding to the ninth embodiment 
and a modified example of the ninth embodiment. 

Fig. 13 is a perspective view showing a tenth 
embodiment of the present invention. 

Fig. 14 is a perspective view showing a conventional 
joining structure corresponding to the tenth embodiment. 

Fig. 15 is a perspective view showing an eleventh 
embodiment of the present invention. 

Fig. 16 is a perspective view showing a conventional 
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joining structure corresponding to the eleventh 
embodiment . 

Fig. 17 is a perspective view showing a twelfth 
embodiment of the present invention. 
5 Fig. 18 is a perspective view showing a conventional 

joining structure corresponding to the twelfth 
embodiment . 

Fig. 19 is a perspective view showing a thirteenth 
embodiment of the present invention. 
10 Fig. 20 is a perspective view showing a conventional 

joining structure corresponding to the thirteenth 
;U embodiment. 

H Fig. 21 is a graph of the S-N curves showing the 

Sj results of the fatigue strength test described in 

15 Example. 

fjj Fig. 2 2 is a perspective view showing a conventional 

W joining structure. 

q Fig. 23 is a perspective view showing another 

fU conventional joining structure. 

nl ... 

20 Fig. 24 is a front elevation view of the joining 

P structure shown in Fig. 3. 

Fig. 25 is a plan view of the joining structure 

shown in Fig. 3. 

Fig. 26 is a front elevation view of the joining 

25 structure shown in Fig. 6. 

Fig. 27 is a plan view of the joining structure 

shown in Fig. 6. 

Fig. 28 is a front elevation view of the joining 

structure shown in Fig. 7. 

30 Fig. 29 is a plan view of the joining structure 

shown in Fig. 7. 

Fig. 30 is a front elevation view of the joining 

structure shown in Fig. 8. 

Fig. 31 is a plan view of the joining structure 

35 shown in Fig. 8. 

Fig. 32 is a front elevation view of a modified 

example of the joining structure shown in Fig. 2. 
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Fig. 33 is a plan view of the modified example of 
the joining structure shown in Fig. 2. 

Best Mode for Carrying out the Invention 

Preferred embodiments for carrying out the present 
invention are described hereafter. 

(A joint structure of a structural member and a coupling 
flange ) 

Fig. 1 is a perspective view showing a first 
embodiment of the present invention, wherein numerals 
indicate the following: 1 designates a structural member 
such as a steel pipe to be coupled to another; 2 a 
coupling flange welded to an end of the structural member 
1 and used for bolt connection with another structural 
member; and 3 a reinforcing rib attached between the 
structural member 1 and the coupling flange 2 so as to 
protrude in the shape of T. In this case, the 
reinforcing ribs 3 are welded in the form of T- joints. 
The direction of the principal stress of the structural 
member 1 is the direction of the central axis of the 
structural member in Fig. 1. As seen in the figure, each 
of the reinforcing ribs 3 is bent in the shape of U, but 
it extends, as a whole, in the direction of the principal 
stress of the structural member 1. The end (toe) 4, 
which is located opposite the coupling flange, of a 
reinforcing rib 3 is bent in the shape of an gradual 
curve and to the extent that the bent end of the 
reinforcing rib is formed at a right angle to the 
direction of the principal stress. 

The reinforcing ribs 3 are welded not only to the 
structural member 1 but also to the coupling flange 2, 
the welding to the coupling flange 2 being done by boxing 
welding. It is preferable to form a scallop at each of 
the inside corners of each reinforcing rib 3 to secure 
reliable welding work. 

In the joining structure constructed as described 
above, as the end 4 of a reinforcing rib 3 is bent in a 



direction deviating from the direction of the principal 
stress of the structural member .1, the end 4 of a 
reinforcing rib 3 can be formed into a low rigidity 
structure. As a result, not only the stress 
concentration at the end 4 of a reinforcing rib 3 but 
also the residual stress caused by welding heat of the 
welded portion are significantly alleviated and, thus, 
the proof stress and the fatigue property of the joining 
structure are significantly improved. 

To fully enjoy the above effect, it is desirable 
that the radius of curvature r of the end 4 of a 
reinforcing rib 3 is set at not less than 3 times its 
thickness t. If the radius of curvature r is smaller 
than 3 times of the thickness t, the material of the 
reinforcing rib 3 is likely to be deteriorated during 
bending the reinforcing rib 3 and, besides, the effect of 
lowering the rigidity decreases. 

The coupling flanges 2 of the first embodiment are 
coupled to each other using bolts 6 in the same manner as 
in a conventional flange coupling method. While there is 
no specific restriction as to the number and positions of 
the bolts 6, when each of the bolts is located between 
the two legs of each of the reinforcing ribs 3 bent into 
the shape of U as shown in Fig. 1, there is the advantage 
that the bolts are protected from physical impact from 
the outside and from a corrosive environment. In any of 
the embodiments described hereinafter, the pipe 
constituting a structural member 1 is shown as a round 
steel pipe in any of relevant drawings, but it has to be 
noted that a square steel pipe may be used in place of 
the round pipe, or a section steel may be used as the 
structural member 1 as well. 

(A joining structure of a structural member and a base 
plate ) 

In the second embodiment shown in Fig. 2, the 
structural member 1 is a base structure consisting of a 
steel pipe, and numeral 5 indicates a base plate for 
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fixing the structural member 1 to a foundation. 
Reinforcing ribs 3 bent into the shape of U are welded by 
T-joint weld between the structural member 1 and the base 
plate 5 so as to protrude in the shape of T, in the same 
5 manner as in the first embodiment. In the embodiment 

shown in Fig. 2, each of the reinforcing ribs 3 is cut 
slantwise so that its width becomes smaller towards the 
end 4, making the rigidity of the end 4 even smaller. 
Note that the position of each bolt 6 to fix the base 
10 plate 5 to a foundation may be outside the legs of each 
reinforcing rib 3, as seen in the third embodiment shown 
H* in Fig. 3. 

o 



a 



ry 



A stress concentration contour obtained through 



SI afinite element (FEM) analysis of the joining structure 



£=j 15 according to the second embodiment is shown in Fig. 4 and 

L|] another stress concentration contour of a conventional 

W joining structure having tabular reinforcing ribs is 

q shown in Fig. 5. These figures show, in contour lines, 

ly the distribution of the stress forming around the 

PL! 

\m 2 0 reinforcing ribs 3 when horizontal loads of the same 



amount are applied to the upper ends of respective 
structural members 1, and the unit of the numerical 
figures in the charts is MPa. It is clear from the 
comparison of the charts that the stress concentration 

25 around the reinforcing rib 3 according to the present 

invention is significantly alleviated, compared with the 
case of the conventional technology. 

The fourth embodiment shown in Fig. 6 is a joining 
structure in which two adjacent reinforcing ribs 3 shown 

30 in Fig. 3 are connected into one piece. In this case 

too, the end 4 of a reinforcing rib 3 is bent to the 
extent that the bent end of the reinforcing rib 3 is 
formed at a right angle to the direction of the principal 
stress of the structural member 1 and, thus, the same 

35 effect as that of the other embodiments described above 
can be obtained. 

In the fifth embodiment shown in Fig. 7, the 



reinforcing ribs 3 disposed between the structural member 
1 and the base plate 5 are formed into the shape of V. 
The legs of each reinforcing rib 3 slightly incline with 
respect to the direction of the principal stress of the 
structural member 1, but the centerline of the whole 
reinforcing rib 3 extends in the direction of the 
principal stress. The other structure and its functional 
effects are the same as the other embodiments described 
before . 

Whereas the reinforcing ribs 3 are bent into the 
shape of U or V in the embodiments described above, the 
top end of a tabular reinforcing rib 3 may be bent so as 
to deviate from the direction of the principal stress of 
the structural member 1 and to form the shape of an 
upside-down J, as seen in the sixth embodiment shown in 
Fig. 8. In a joining structure having this type of 
construction too, the rigidity at the end 4 of the 
reinforcing rib 3 is low against the principal stress of 
the structural member 1 and, therefore, the same effect 
as described before can be obtained. 

The whole body of a reinforcing rib 3 may incline as 
seen in the seventh embodiment shown in Fig. 9. in this 
case too, the end 4 of the reinforcing rib 3 may be bent 
significantly. In the eighth embodiment shown in Fig. 
10, two reinforcing ribs 3 each having the shape of an 
upside-down J as shown in Fig. 8 are put together back- 
to-back to form a reinforcing rib 3 roughly in the shape 
of T. 

Though it is preferable to bend the end 4 of the 
reinforcing rib 3 so as to form an gradual curve as shown 
in attached drawings, it is also possible to bend it 
linearly. The same effects as described before can be 
obtained also in that case since the end 4 of the 
reinforcing rib 3 has a low rigidity against the 
principal stress of the structural member 1. In view of 
the fact that another stress concentration occurs at the 
bend, however, it is preferable, as a conclusion, to bend 



the reinforcing rib 3 so as to form an gradual curve, 
(A joining structure of a structural member and 
reinforcing ribs for fixing joining members) 

Whereas two structural ; members 1 (steel pipes) are 
coupled using coupling flanges 2 in the first embodiment 
shown in Fig. 1, the ninth embodiment shown in Fig, 11 
represents a case where reinforcing ribs 3 are used as 
steel pipe joints. when this type of joining structure 
is employed, conventionally, a tabular steel pipe joint 7 
as shown in the right-hand part of Fig. 12 is welded to 
an end of each steel pipe and the steel pipes are coupled 
using bolts or rivets, but the stress concentration does 
occur at the end of the steel pipe joint 7 also in this 
case. When each reinforcing rib 3 whose end 4 is bent as 
shown in Fig. 11 or the left-hand part of Fig. 12 is 
used, however, not only the stress concentration but also 
the residual stress caused by welding heat can be 
alleviated. Fig. 11 shows a case where reinforcing ribs 
3 are bent into the shape of U, and the left-hand part of 
Fig. 12 shows another case where only the end 4 of each 
tabular reinforcing rib 3 is bent. 

(A joining structure of a structural member and a 
reinforcing rib for fixing a secondary member) 

The tenth embodiment shown in Fig. 13 is a joining 
structure wherein a reinforcing rib 3 for fixing a 
secondary member 8 is welded in the shape of T to the 
side wall of a steel tube constituting a structural 
member 1. This reinforcing rib 3 also extends in the 
direction of the principal stress of the structural 
member 1 and the upper and lower ends of the reinforcing 
rib 3 are bent in directions deviating from the direction 
of the principal stress of the structural member 1. By 
this structure, as in the cases of the other embodiments, 
the stress concentration at the rib ends and also the 
residual stress caused by welding heat can be alleviated 
compared with the conventional structure shown in Fig. 
14 . 



The eleventh embodiment shown in Fig. 15 is a case 
where the present invention is applied to a gusset 
structure for a horizontal lateral bracing. In this 
case, the structural member 1 is an I-beam installed 
horizontally and the direction of its principal stress is 
horizontal. A reinforcing rib 3 whose both ends are bent 
is welded horizontally onto a side of the structural 
member 1 by T- joint weld, and a horizontally extending 
secondary member 8 is fixed to the reinforcing rib 3. 
Fig. 16 is a view showing a conventional gusset structure 
for a horizontal lateral bracing; the stress 
concentration at the ends of the reinforcing rib is large 
since the reinforcing rib used here is a flat plate. 
However, when the structure shown in Fig. 15 is employed, 
the stress concentration at the ends and also the 
residual stress caused by welding heat can be alleviated. 

The twelfth embodiment shown in Fig. 17 is a case 
where the present invention is applied to a gusset 
structure for a transverse bracing. In this case too, 
the structural member 1 is an I-beam installed 
horizontally, but the direction of its principal stress 
is vertical. A reinforcing rib 3 whose both ends are 
bent is welded vertically onto a side of the structural 
member 1 by T- joint weld, and a secondary member 8 
extending aslant upward is fixed to the reinforcing rib 
3. The stress concentration at the ends of the 
reinforcing rib 3 and the residual stress caused by 
welding heat are significantly alleviated compared with 
the conventional gusset structure for a transverse 
bracing shown in Fig. 18. 

(A joining structure of a structural member and anchor 
bolts) 

Whereas any of the joining structures heretofore 
described is a joining structure having a structural 
member 1 and one or more reinforcing ribs 3, the 
thirteenth embodiment shown in Fig. 19 is a structure 
wherein anchor bolts 9 are welded to an end of a 



structural member 1. In this case too, the anchor bolts 
9 extend in the direction of the principal stress of the 
structural member 1. Whereas stress concentrates at the 
ends of the anchor bolts in the conventional anchoring 
structure shown in Fig. 20, when an end of each anchor 
bolt 9 is bent so as to deviate from the direction of the 
principal stress of the structural member 1 as seen in 
Fig. 19 , not only the stress concentration is alleviated 
but also the residual stress caused by welding heat is 
significantly alleviated. 

The front elevation views and plan views of the 
embodiments shown in Figs. 3, 6, 7 and 8 described above 
are given in Figs. 24 to 31. Figs. 32 and 33 are the 
front elevation view and plan view, respectively, of a 
modified example of the embodiment shown in Fig. 2. 

In the embodiments of the present invention 
described above, a tabular member is a reinforcing rib 
and is fixed by welding to a structural member so as to 
protrude from its surface but, needless to say, the 
formations are not necessarily restricted to those 
described above: it may be formed by any suitable method 
such as press work, cutting, etc. 

Example 

A fatigue strength test was carried out for the 
purpose of confirming the effect of the present invention 
described above. 

Two kinds of test pieces, one according to a 
conventional technology and the other to the present 
invention, were prepared for the test. The test pieces 
according to the conventional technology were structured 
as shown in Fig. 22, wherein a steel pipe 1 m in length 
was fixed upright onto a base plate 22 mm in thickness 
and its base portion was reinforced with conventional 
vertical ribs. The test pieces according to the present 
invention were structured as shown in Fig. 2, wherein a 
steel pipe 1 m in length was fixed upright onto a base 
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plate 22 mm in thickness and its base portion was 
reinforced with U-shaped reinforcing ribs. C0 2 gas 
shielded arc welding was employed for all the welding 
work, and the steel grade of all the steel sheets used 
for the test was Japanese Industrial Standard SM400. 

The fatigue strength of each test piece under a 
bending load imposed on the steel pipe was measured by a 
known method. The results are shown in Fig. 21. As seen 
in the figure, whereas the measurements of the test 
pieces according to the conventional technology were in 
the level of Grade G of the design service life curves 
defined in the design specification of railway bridges, 
the measurements of those according to the present 
invention corresponded to Grades A to B. Thus, it was 
confirmed that the fatigue strength was significantly 
improved by employing the structure according to the 
present invention. 

Industrial Applicability 

As explained above, by the present invention, the 
stress concentration and residual stress caused by 
welding heat occurring at a toe of a tabular member in a 
joining structure can be significantly alleviated and, as 
a result, the proof stress and fatigue property of the 
joining structure can be greatly improved compared with a 
conventional joining structure. The present invention, 
therefore, can greatly contribute to improving the 
reliability of a joining structure in widely varied uses, 
as shown in the embodiments of a present invention, 
including the anchoring structure of a steel pole base 
such as an illumination pole and the like. 



